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FUEL-GAS. 

A PAPER  SHOWING  THE  IMPRACTICABILITY  OF  UTILIZING  COAL- 
GAS  FOR  FUEL  PURPOSES,  BY  J.  F.  MERKLE,  C.  E., 
INSTRUCTOR  IN  CIVIL  ENGINEERING. 

The  subject  of  fuel-gas  has  been  the  theme  of  discussion  of  all 
the  associations  of  gas  engineers  of  this  country  and  Europe  for 
the  past  three  years,  and  the  lesson  taught  by  these  discussions, 
together  with  many  experiments  which  have  been  made  during 
this  time,  have  not  yet  solved  the  problem  of  a successful  artificial 
fuel-gas,  but  have  rather  marked  a course  which  is  not  to  be  pur- 
sued. That  gas  may  be  used  economically  and  safely  for  domes- 
tic purposes  has  been  fully  demonstrated  in  many  parts  of  this 
country,  where  natural  gas  is  the  principal  fuel  used.  In  this  con- 
nection, I may  state  that  in  Pittsburg  there  is  consumed  daily 
over  four  hundred  million  (400,000,000)  cubic  feet  of  natural  gas, 
and  so  nicely  are  all  the  appliances  adjusted  that  accidents  are 
rare,  and  when  they  do  occur  they  are  usually  the  result  of  negli- 
gence. 

By  a fuel-gas  I mean  a gas  which  will  displace  coal  as  fuel  in 
nearly  all  domestic  and  metallurgical  operations.  It  can  not  be 
expected  that  gas  will  be  used  entirely  for  domestic  purposes,  no 
more  than  it  can  be  expected  that  illuminating  gas  shall  entirely 
displace  oil,  nor  electricity  the  illuminating  gas. 

The  first  essential  element  of  a fuel-gas  in  competition  with  coal, 
must  naturally  be  an  equivalent  amount  of  heat  for  the  same 
money.  Of  course  there  are  many  advantages  which  gas  has 
over  coal  for  domestic  use,  but  these  would  have  little  influence 
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with  the  public  unless  the  cost  of  gas  was  not  more  than  that  of 
coal.  A few  of  these  advantages,  stated  briefly,  are : Cleanliness 

of  the  house,  for  with  gas  as  a fuel,  there  is  no  dust  and  smoke 
arising  from  combustion ; second,  there  is  no  inconvenience  aris- 
ing from  being  obliged  to  have  the  cellar  filled  with  coal,  no 
kindling  wood  to  be  purchased,  and  no  ashes  to  be  carted  away. 

In  this  paper  all  values  of  coal  refer  to  the  bituminous  variety, 
since  that  is  the  coal  used  in  gas  manufacture,  and  in  order  to  re- 
duce everything  to  a basis  for  the  sake  of  comparison,  we  must 
consider  it  as  being  used  in  general  by  the  public. 

Let  us  now  ascertain  how  much  heat  is  obtained  from  a ton  of 
coal  by  the  ordinary  method  of  combustion.  From  experiments 
which  were  conducted  by  a company  with  which  I was  recently 
associated,  it  was  ascertained  that  the  heat  utilized  in  the  ordinary 
stove  or  range  was  only  about  twenty  (20)  per  cent,  of  the  theo- 
retical calorific  value  of  the  coal.  Ordinary  bituminous  coal  con- 
tains about  twenty-five  million  (25,000,000)  heat  units  per  ton. 
This  heat  unit  is  that  used  in  England  principally,  and  its  value 
is  the  amount  of  heat  necessary'  to  raise  one  pound  of  water  one 
degree  Fahrenheit.  In  order  to  give  you  a ^rue  conception  of 
this  amount  of  heat  I will  say  that  it  will  raise  twenty-six  hundred 
and  thirt)'  (2630)  cubic  feet  of  water  from  60  degrees  Fahrenheit 
to  212  degrees.  Now,  from  the  results  of  the  experiments  con- 
cerning the  combustion  of  coal  in  stoves,  we  see  that  of  the 
twenty-five  million  (25,000,000)  heat  units  contained  in  the  coal 
we  utilize  only  five  million  (5,000,000).  This  low  result  is  due  to 
the  imperfect  combustion  of  the  coal  and  lack  of  regeneration  in 
the  stoves,  together  with  the  ignorance  of  the  average  man  con- 
cerning the  laws  of  combustion. 

Now  let  us  e.xamine  the  results  obtained  from  the  combustion 
of  gas  in  stoves  speciall}’  constructed  for  its  use.  I have  before 
me  the  results  of  e.xperiments  with  several  gas  stoves,  all  made 
under  the  same  conditions,  and  I find  the  maximum  efficiency  to 
be  99^3  per  cent.,  and  the  minimum  92  per  cent,  of  the  calculated 
theoretical  calorific  value  of  the  gas,  as  determined  by  volumetric 
analysis.  We  may  therefore  consider  95  per  cent,  as  a fair  average 
of  the  efficiency  of  gas  stoves. 

Now  assume  the  cost  of  coal  delivered  in  the  cellar  to  be  $2 
per  ton ; then  in  order  to  put  fuel-gas  on  a competitive  basis  with 
coal,  we  must  deliver  the  equivalent  of  one  ton  in  heat  units,  or 
five  million  (5,000,000),  for  the  same  price,  namely  52.  Therefore, 


FUEL-GAS. 


79 


if  we  know  the  calorific  value  of  our  gas,  or  in  other  words,  if  we 
know  the  number  of  heat  units  contained  in  a thousand  feet,  we 
can  readily  determine  the  amount  which  we  can  sell  the  gas  for 
per  thousand  feet,  in  order  to  give  the  consumer  the  same  return 
for  an  equivalent  amount  of  money. 

Let  us  now  consider  briefly  the  gases  which  are  manufactured 
commercially  for  illumination  and  metallurgy,  in  order  to  ascer- 
tain the  reason  that  none  of  these  will  answer  our  purposes  for  a 
fuel-gas.  These  gases  are  coal-gas  and  water-gas,  which  are 
made  for  illumination,  and  producer-gas  which  is  used  in  metallur- 
gical operations. 

We  will  first  consider  the  subject  of  coal-gas,  and  in  this  con- 
nection a brief  history  of  the  manufacture  of  this  gas  will  not  be 
amiss. 

I quote  the  following  from  an  English  work  on  the  subject; 
“ By  general  consent,  the  mention  of  the  discovery  and  application 
of  artificial  gas  belongs  to  Great  Britain,  and  the  name  most  hon- 
orably connected  with  the  beginning  and  early  stages  of  gas 
lighting,  is  that  of  a Scotchman,  Robert  Murdoch.  But  previous 
to  Murdoch’s  time,  there  occur  numerous  suggestions,  observa- 
tions and  experiments,  as  to  the  inflammable  air  and  its  sources. 
In  the  “Philosophical  Transactions  of  the  Royal  Society”  for 
1667,  the  existence  of  a burning  spring  in  the  coal  district  of 
VV’igon  is  noticed  by  Thomas  Shirley,  who  traced  its  origin  to  the 
underlying  coal.  In  the  same  transactions  for  1739,  is  printed  a 
letter,  addressed  to  Hon.  Robert  Boyle,  who  died  in  1691,  in 
which  Rev.  John  Clayton  details  a series  of  experiments  which  he 
made  in  distilling  coal  in  a retort,  showing  not  only  that  he  had 
observ’ed  the  inflammable  gases  evolved,  but  that  he  collected  and 
stored  them  for  some  time  in  bladders.  In  Dr.  Stephen  Hale’s 
work  on  vegetable  statistics  published  in  1726,  more  precise 
statements  are  made  as  to  the  distillation  of  coal,  he  having  ob- 
tained from  one  hundred  and  fifty-eight  (158)  grains  of  New 
Castle  coal,  one  hundred  and  eighty  (180)  cubic  inches  of  inflam- 
mable air.  In  1787  Lord  DonDonald,  in  working  a patent  pro- 
cess for  obtaining  coal  tar,  experimented  with  the  gas  evolved  in 
the  process,  and  occasionally  used  it  for  lighting  up  the  hall  at 
Colroys  Abbey.  None  of  these  observations  led  to  practical  re- 
sults, and  it  was  not  until  the  year  1792  that  Robert  Murdoch, 
then  residing  in  Redruth  in  Cornwall,  began  the  investigation  of 
the  properties  of  gases,  given  out  by  various  substances,  which 
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eventuated  in  the  use  of  coal  gas  as  an  illuminating  agent.  In 
1797  he  publicly  showed  the  system  he  had  matured,  and  in 
1798,  being  in  the  employ  of  the  famous  workshop  of  Boulton, 
and  Watt,  he  fitted  up  an  apparatus  for  the  manufacture  of  gas  in 
that  establishment,  with  which  it  was  partly  lighted.  Thereafter 
it  was  introduced  in  neighboring  workshops  and  factories. 

“Among  others  who  helped  most  materially  in  developing  the 
infant  art  in  England  were  Dr.  Henry  Manchester  and  Mr.  Clegg, 
who  succeeded  Mr.  Murdoch  in  the  Soho  Mills.  Mr.  Clegg  in- 
troduced many  improvements  in  gas  manufacture,  and  ultimately 
became  the  most  successful  gas  engineer  in  the  United  Kingdom. 
In  1801,  Mr.  Lebon  introduced  gas,  distilled  from  wood,  into  his 
own  house  in  Paris,  and  the  success  of  his  experiments  attracted 
so  much  notice  and  comment  as  to  give  rise  to  the  impression 
that  he  is  entitled  to  the  credit  of  the  invention.  Lebon’s  ex- 
periments came  under  the  notice  of  Mr.  F.  A.  Winsor  who  took 
up  the  subject  with  a zeal  and  unremitting  patience,  which  led  to 
the  recognition  of  the  advantages  of  the  system,  and  the  breaking 
down  of  the  powerful  prejudices  which  existed  in  England  against 
the  innovation.  In  1803,  through  Winsor’s  efforts,  the  Lyceum 
Theatre  was  lighted  with  gas,  but  it  was  not  until  1810  that  he 
succeedefl  in  forming  a public  company  for  gas  manufacture.” 

Coal  gas,  which  is  the  result  of  the  destructive  distillation  of 
coal,  is  made  in  a fire-clay  retort  heated  to  incandescence.  A 
coal  gas  plant  consists  essentially  of  a furnace,  which  contains  the 
retorts,  a scrubber,  a condenser  and  a purifier.  The  retort  in 
which  the  coal  is  distilled  is  usually  about  9 feet  long  and  its 
section  represents  an  eclipse  26"  by  13",  flattened  on  the  bottom. 
These  retorts  being  heated  sufficiently,  the  coal  is  charged  into 
one  end,  the  other  being  closed,  and  after  a sufficient  amount  of 
coal  has  been  charged,  which  is  usually  three  hundred  (300) 
pounds,  the  mouthpiece  of  the  retort  is  closed  to  prevent  the  ad- 
mission of  air.  Distillation  immediately  begins,  and  under  ordi- 
nary circumstances  continues  for  about  four  (4)  hours.  The  result 
of  this  distillation  is  a gas  containing  hydrogen,  marsh  gas,  car- 
bonic oxide,  olefiant  gas,  carbonic  acid,  nitrogen,  oxygen,  water 
vapor,  sulphuric  acid,  a small  percentage  of  sulphurretted  hydro- 
gen and  ammonia,  and  a considerable  amount  of  heavy  hydro- 
carbons in  the  form  of  tar.  There  remains  in  the  retort  however, 
a large  percentage  of  coke.  This  will  v'ary  according  to  the 
qualit)’  and  character  of  coal  used,  and  in  the  coals  employed  for 
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the  manufacture  of  gas  in  this  country,  the  result  is  usually  about 
sixty-five  (65)  per  cent.  Before  the  gas  is  fit  for  consumption,  the 
gases  which  are  deleterious  to  health  must  be  removed.  These 
are  the  ammonia  and  the  sulphurretted  hydrogen.  The  ammonia 
is  removed  in  an  apparatus  called  the  scrubber,  which  is  con- 
structed on  the  principle  that  water  has  a great  affinity  for 
ammonia.  The  scrubber  consists  usually  of  a wrought  iron 
cylinder  standing  on  one  end,  in  which  are  arranged  trays  on 
which  is  placed  either  charcoal  or  scrap  tin.  The  water  is  allowed 
to  percolate  freely  through  this,  and  the  gas,  admitted  at  the 
bottom,  is  broken  up  by  the  charcoal  or  tin  into  small  globules, 
which,  coming  in  contact  with  the  water  in  its  downward  course, 
give  up  their  ammonia  to  it.  This  water,  now  known  as  ammo- 
niacal  liquor,  is  carried  off  into  a tank  constructed  for  its  reception. 

The  tar,  which  is  held  in  su.spension,  liquefies  when  its  tem- 
perature is  sufficiently  reduced,  and  for  this  purpose  a large 
wrought  iron  cylinder,  similar  to  the  scrubber,  is  employed, 
through  which,  however,  are  many  small  tubes  or  pipes,  placed 
longitudinally,  and  around  the  whole,  water  freely  circulates.  The 
gas,  in  passing  through  these  small  tubes,  is  diminished  in  tem- 
perature, owing  to  the  conductivity  of  the  iron  and  water,  and  the 
tar  is  liquefied  and  runs  to  the  bottom,  where  it  is  col,lected  and 
conducted  off  to  what  is  known  as  the  tar  well. 

All  the  injurious  ingredients  of  the  gas  have  now  been  removed 
except  the  sulphuretted  hydrogen,  which  is  removed  in  an  appa- 
ratus called  the  purifier,  which  depends  for  its  action  on  the 
affinity  of  sulphur  for  hydrated  lime  or  iron.  In  good  engineering 
practice  the  ferrous  oxide  of  iron  0^  is  used  entirely.  The 
iron  is  placed  on  trays,  arranged  in  tiers,  and  the  gas  is  conducted 
through  these,  and  the  resulting  chemical  action  is  as  follows : 
Fe^  S — 2 FeSESs-jJU^O. 

Ferrous  sulphide  of  iron,  upon  exposure  to  the  atmosphere,  ab- 
sorbs oxygen,  and  its  sulphur  is  separated  in  a mettallic  form  thus : 
2 Fe  j 0=Fe^  0^-^2  S. 

From  this  you  will  observe  that  the  cost  of  purifying  the  gas  in- 
volves little  expense,  since  the  iron  can  be  used  continuously  by 
exposing  it  to  the  air  after  it  has  been  converted  into  the  sulphide. 

Having  stated  briefly  the  method  of  the  manufacture  of  the 
gas,  let  us  now  consider  the  results  which  we  obtain.  Let  us 
take,  for  example,  ten  ( 10)  tons  of  bituminous  coal.  I take  ten 
(10)  tons  since  this  is  the  amount  of  coal  which  is  used  in  one 
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day  of  twenty’-four  (24)  hours  in  two  benches  of  six  retorts  each, 
in  order  to  arrive  at  the  cost  of  labor  in  generating  the  gas.  The 
maximum  yield  of  gas  has  been  found  practically  to  be  about  five 
(5)  cubic  feet  per  pound,  so  that  the  ten  (10)  tons  of  coal  yield  us 
one  hundred  thousand  ( 100,000)  cubic  feet.  We  have  obtained, 
however,  in  the  process  of  distillation,  several  articles  which  are 
known  as  residuals  or  bi-products,  and  which  are  of  some  com- 
mercial value.  We  have  obtained  about  sixty -five  (65)  per  cent, 
of  the  original  weight  of  coal  in  coke,  or  about  thirteen  thousand 
(13,000)  pounds,  twelve  hundred  (1200)  pounds  of  tar,  and  about 
one  thousand  (1000)  pounds  of  ammoniacal  liquor.  Of  the  thirteen 
thousand  (13,000)  pounds  of  coke,  which  we  obtained,  we  will  use 
about  twenty-three  (23)  per  cent.,  or  three  thousand  (3000)  pounds, 
to  heat  the  retorts,  which  distill  the  coal.  There  remains  then, 
ten  thousand  (10,000)  pounds  which  we  have  no  use  for  at  the 
works,  and  therefore  can  dispose  of  to  the  best  advantage.  Coke- 
oven  coke,  which  I designate  by  this  name  in  contra-distinction 
to  gas  coke,  is  sold  for  about  one  (i)  dollar  per  ton,  so  that  we 
could,  probably,  not  obtain  more  than  eighty  (80)  cents  per  ton 
for  gas  coke,  since  it  is  of  a spongy  nature,  and  is  therefore  not 
so  desirable.  This  will  yield  us  then  five  times  eighty  (80)  cents, 
or  four  (4)  dollars.  The  twelve  hundred  (1200)  pounds  of  coal 
tar,  Avhich  is  equivalent  to  about  three  and  one-half  (3  1-2)  bar- 
rels, will  yield  one  (i)  dollar  per  barrel.  We  can  not  consider 
the  value  of  the  ammoniacal  liquor  since  it  will  depend  on  the 
proximity  of  a chemical  works.  In  this  connection,  I submit 
some  figures  which  were  obtained  from  a report  of  the  various  gas 
companies  of  London  for  1875. 

Cost  of  coal  - - - - ;^i,455,400 

Received  for  coke  and  breeze  - 492,927 

Received  for  tar  - - - - 162,161 

Received  for  ammoniacal  liquor  - 1 1 1,95 1 

Gas  made  - - - - 14,888,1 33  thousand  feet. 

Gas  sold  -----  13,622,639  “ “ 

Coal  carbonized  - - - 1,505,000  tons. 

Coke  sold  - - - 69  per  cent. 

Average  yield  of  gas,  9892  feet  per  ton. 

From  these  figures  we  obser\-e  that  the  return  from  the  sale  of 
residuals  has  amounted  to  more  than  half  of  the  original  cost  of 
the  coal.  This  return  varies  greatly,  depending  on  the  ability 
of  the  engineer  in  charge,  and  the  locality  of  the  works.  I have 
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it  on  the  authority  of  one  of  the  foremost  gas  engineers  of  the 
United  States,  who  recently  investigated  the  operations  of  the  gas 
plant  of  Paris,  France,  that  the  returns  from  the  disposal  of  the 
bi-products  of  the  works  were  in  excess  of  the  original  cost  of  the 
coal. 

To  resume  : We  have  then  to  our  credit  one  hundred  thousand 

(100,000)  cubic  feet  of  coal  gas,  five  (5)  tons  of  coke  worth  four 
(4)  dollars,  three  and  one-half  (3)4)  barrels  tar  worth  S3. 50. 
Let  us  now  see  what  we  have  expended  in  producing  these  results. 
We  have  paid  for  : 


Ten  (10)  tons  of  coal 

at 

$2.00 

= $20.00 

Wages  of  two  chargers 

at 

2.25 

= 450 

Wages  of  two  helpers 

at 

1.80 

= 3.60 

Wages  of  two  engineers 

at 

2.00 

= 4.00 

Cost  of  two  tons  of  coal  for  boiler 

at 

2.00 

= 4.00 

Cost  of  oils,  etc.  - - - - 

0.50 

Total  - - - - 

- 

- 

S36.60 

Credit  by  sale  of  residuals 

- 

7.50 

Cost  in  holder  of  100,000  cu.  ft.  of  gas  - $29.10 

Cost  per  thousand  cu.  ft.  - - - - 0.29 

To  this  must  be  added  the  cost  of  superintendence,  clerk  hire 
and  inspection,  which  is  classed  under  the  head  of  distsibution, 
and  averages  about  twelve  ( 1 2)  cents  per  thousand  feet,  making 
the  total  cost  forty-one  (41)  cents.  This  result  is  manifestly  a 
variable  quantity  since  there  are  certain  e.xpenses  which  will  re- 
main fixed,  regardless  of  the  quantity  of  gas  which  is  manufac- 
tured, notably  the  cost  of  superintendence,  clerk  hire  and  en- 
gineers. There  is  a loss  of  about  ten  (10)  per  oent.  of  the  gas  in 
distribution,  as  you  will  observe  in  the  discrepancy,  of  the  report 
of  the  London  works,  between  the  gas  manufactured  and  the  gas 
sold,  owing  to  poor  workmanship  in  laying  pipe  lines,  incorrect 
metre  readings,  condensations  and  differences  in  temperature. 
This  will  make  our  total  cost  45  cents  per  thousand.  To  this 
must  be  added  about  10  per  cent,  for  wear  and  tear  on  machinery, 
cost  of  renewals,  depreciation  of  plant,  and  interest  on  investment, 
making  the  total  cost,  delivered  to  the  consumer,  about  50  cents 
per  thousand  feet. 

Let  us  now  ascertain  the  value  of  our  one  hundred  thousand 
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(iOO,CXX))  cubic  feet  of  gas.  The  average  volumetric  analysis  of 
coal  gas  is  as  follows : 

Hydrogen  (//”)  - - - 46  per  cent. 

Marsh  gas  (C  - - - 40 

Carbonic  oxide  (C  6>)  - - 6 

Olefiant  {C^  - - - 4 

Nitrogen  (^V)  - _ _ i.-q 

Carbonic  acid  (C  0^  - - 0.50 

Oxygen  {0)  - - - 0.50 

Water  vapor  0)  - - 1.50 


Total  . . - icMD.oo 

From  this  we  see  that  we  have  a gas  yielding  96  per  cent,  com- 
bustibles of  which  the  calculated  theoretical  calorific  value  is 
seven  hundred  and  thirty-five  thousand  (735,000)  heat  units,  per 
thousand  feet.  We  therefore  have  in  our  one  hundred  thousand 

(100.000)  feet  of  gas  seventy-three  millions  five  hundred  thousand 

(73.500.000)  heat  units.  The  weight  of  one  thousand  (1000) 
cubic  feet  of  this  gas  is  about  thirty-two  (32)  pounds,  and  the 
weight  of  the  resultant  gases  from  perfect  combustion  would  be 
as  follows  : 

Steam  ------  69.7  pounds 

Carbonic  acid  -----  68.6  “ 

Nitrogen  ------  427.2  “ 


Total  weight  atter  combustion  - 565.5  “ 

Pounds  of  oxygen  necessary  for  combustion  103 
The  flame  temperature  of  this  gas  is  found  to  be  about  forty-six 
hundred  (4600)  degrees  F'abrenheit,  and  can  readily  be  calculated 
theoretically,  by  means  of  this  formula  : 

U 

^~WY' 


Where : 

T = temperature 

H — units  of  heat  from  combustion 
U = units  of  heat  carried  in  by  air 
W — weight  of  resultant  gases  of  combustion 
N = specific  heat  of  resultant  gases. 

The  theoretical  calorific  value  of  our  ten  (10)  tons  of  coal  is 
twenty-five  (25)  million  times  ten,  or  two  hundred  and  fifty  (250) 
million  heat  units.  We  have  obtained  in  our  gas  seventy-three 
million  five  hundred  thousand  (73,500,000)  heat  units,  or  about 
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thirty  per  cent,  of  the  efficiency  of  our  coal.  Assuming  the 
efficiency  of  our  gas-stove  to  be  ninety-five  (95)  per  cent.,  we  will 
then  utilize  ninety-five  (95)  per  cent,  of  seventy-three  million  five 
hundred  thousand  (73,500,000)  heat  units,  which  equals  seventy 
million  (70,000,000).  We  have  previously  found  that  if  we 
consume  ten  (10)  tons  of  coal  in  a stove  we  obtain  fifty  million 
(50,000,000)  heat  units.  For  these  fifty  million  (50,000,000)  heat 
units  the  consumer  pays  twenty  (20)  dollars  in  an  indirect  form 
of  ten  (10)  tons  of  coal  at  two  (2)  dollars  per  ton.  Putting  the 
cost  of  our  gas  on  the  same  basis  as  the  cost  of  coal,  w’e  should 
receive  for  it  seventy  million  (70,000,000)  divided  by  fifty  million 
(50,000,000)  or  7-5  of  the  cost  of  coal,  which  equals  twenty-eight 
dollars.  This  one  hundred  thousand  ( 100,000)  cubic  feet  of  gas 
then  must  be  sold  for  twenty-eight  (28)  dollars,  or  twenty-eight 
(28)  cents  per  thou.sand  feet. 

In  our  previous  calculations  in  regard  to  the  cost  of  the  gas 
we  have  found  it  to  be  fifty  (50)  cents  per  thousand.  The  com- 
pany then  would  be  obliged  to  sell  an  article  for  twenty-eight  (28) 
cents  per  thousand,  which  cost  them  (50)  cents  per  thousand. 
No  further  comment  on  the  impracticability  of  utilizing  coal-gas 
for  a fuel-gas  is  necessary. 

In  future  papers,  I shall  endeavor  to  show  the  impracticability 
of  utilizing  either  water-gas  or  producer-gas  for  artificial  fuel  pur- 
poses, and  shall  al.so  give  the  results  of  experiments  concerning  a 
gas  composed  of  a mixture  of  the  three  gases  ; and  finally  the  re- 
sults of  experiments  concerning  the  production  of  water  and  pro- 
ducer-gas in  the  same  apparatus. 

A REVIEW  OF  THE  NEW  SIDE-WALK  OF  THE 
STONE  BRIDGE  ACROSS  MONOCACY 
CREEK,  BETHLEHEM,  PA. 

During  the  past  year  decided  changes  have  been  made  in  the 
appearance  of  South  Main  Street,  in  the  Boroughs  of  Bethlenem 
and  West  Bethlehem  ; the  most  noticeable  being  the  addition  of  a 
commodious  and  very  substantial  sidewalk  to  the  eastern  side  of  the 
stone  bridge  across  the  Monocacy  Creek,  connecting  the  above 
mentioned  boroughs.  As  the  creek  is  the  dividing  line  between  the 
counties  of  Lehigh  and  Northampton,  the  county  commissioners 
decided  to  build  this  necessary  structure  in  conjunction,  and  in 
the  course  of  a few  weeks,  plans  and  specifications  were  prepared, 
and  proposals  for  the  construction  of  the  same  called  for. 
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At  the  time  agreed  upon,  the  commissioners  of  the  said  coun- 
ties opened  the  bids,  and  the  contract  for  the  iron  works  was 
awarded  to  Mr.  L.  L.  Beckel  for  $730.80 ; the  other  bidders  for 
the  .same,  being  the  Allentown  Rolling  Mill  Company,  and  the 
King  Iron  Bridge  and  Manufacturing  Company  of  Cleveland,  O. 

Some  time  afterwards  Mr.  Beckel  withdrew  his  bid,  and  at  the 
next  meeting  of  the  commissioners  the  contract  was  re-awarded, 
and  given  to  the  Allentown  Iron  Company  for  $1075 — this  being 
the  next  lowest  bid. 

The  old  sidewalk,  on  the  north-west  side,  is  laid  on  wooden 
stringers,  which  are  supported  by  large  cast-iron  brackets,  fastened 
with  bolts  to  the  masonry  of  the  bridge. 

In  the  new  sidewalk,  on  the  south-east  side,  an  extension  of 
the  piers  was  made,  on  the  ends  of  which  were  placed  a row  of 
15"  I beams,  to  which  one  end  of  a series  of  lighter  I beams,  or 
cross  beams,  are  fastened  by  means  of  short  pieces  of  angle  iron  ; 
the  other  end  of  the  said  cross  beams  resting  on  the  old  masonry 
of  the  bridge.  The  wood-work  is  placed  on  top  of  these  cross 
beams.  The  manner  of  construction  being  illustrated  by  Fig.  i. 


The  longest  span  is  about  32  feet,  and,  as  the  .specifications 
called  for  the  heaviest  I beams  that  are  rolled  in  this  country,  the 
question  might  have  been  raised,  whether  it  would  not  be  advis- 
able to  use  either  a plate  or  rivetted  girder  instead  of  an  I beam, 
as  the  specifications  required.  The  only  way  to  decide  such  a 
question  is  to  consider  the  loads  to  which  the  various  parts  of  the 


REVIEW  OF  A NEW  SIDE-WALK.  87 

structure  are  subjected,  and  then  to  draw  conclusions  from  the 
results  obtained. 

The  cross-beams  on  which  the  wood  work  is  placed  have  a clear 
span  of  8 feet,  and  they  are  spaced  10  feet  centre  to  centre,  at 
right  angles  to  the  main  I beams.  The  dead  load  per  panel,  con- 
sisting of  the  weight  of  the  floor  construction,  plus  the  weight  of 
the  beam  itself,  is  the  following: 

Planks,  1 3-33  cu.ft.(g^  34lbs.per  cu.  ft.  1 

12  >=793 

4 Stringers,  0.5  X0.5  10=10.00  cu.  ft.  (o;,  34lbs.per  cu.  ft.  J 

Assumed  weight  of  beam  8 ft.  long  i61bs.  per  lin.  ft.=  l28 

Total  - - - - - - - -921 

Taking  the  live  load  as  80  pounds  per  square  foot,  the  load 
supported  by  each  beam  is  10X8X80=6400  pounds.  The  total 
load  on  each  beam  then  is  7321  pounds.  On  account  of  the 
proximity  of  the  beams,  this  load  can  with  entire  safety  be  taken 
as  a uniformily  distributed  load,  and  the  bending  momemt  is 

found  to  be  ^^=87852.  Using  a fibre  strain  of  12000 

pounds  per  square  inch,  we  find  the  required  beam  must  have  a 

moment  of  resistance  of  -^’-^^^=7.32. 

12,000 

Looking  at  a prominent  manufacturer’s  table  of  I beams,  we 
find  that  a 6"  light  beam  of  133^  pounds  per  foot  has  a moment 
of  resistance  of  8.16,  which  is  more  than  sufficient;  for  such  a 
beam  will  support  with  entire  safety  a uniformly  distributed  load  of 
8200  pounds. 

This  beam  could  have  been  used  instead  of  an  8"  beam  of  25 
pounds  per  foot  as  the  plans  and  specifications  require,  and  an 
amount  of  iron  saved  on  each  beam  equal  to  (25-1 334)9=-i0334 
pounds,  or  the  total  amount  in  fourteen  cross  beams  of  1449 
pounds. 

The  heavy  15"!  beams  reach  from  pier  to  pier  and  support  one 
end  of  the  cross  beams  that  are  spaced  10  feet  centre  to  centre. 
As  the  span  of  these  heavy  beams  is  32  feet  the  most  dangerous 
application  of  the  loads  would  be  as  indicated  in  Fig.  2. 

As  seen  before,  the  load  on  each  cross  beam  is  7321  pounds, 
one  half  of  which  is  exerted  upon  the  main  I beams,  and  by  add- 
ing the  weight  of  the  hand-railing  we  find  the  total  load  acting  as 
a concentrated  load  to  be  3700  pounds.  We  now  find  the  bend- 
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ing  moment  for  the  loads  in  the  position  giv^en  in  the  figure,  after 
assuming  the  weight  of  the  beam  to  be  50  pounds  per  linear  foot: 
-^^=(55ooX  16— 37ooXio)i2  + >^(5oX32)  (32X  12)  = 688,800. 

i/00  iJQO  87po 


Si 


3Z' 


/O' 


Fig.  2. 

Allowing  a fibre  strain  of  1 0,000  pounds,  we  have  the  moment  of 

resistance  equal  to  =68.88.  Referring  to  the  table  of 

1 0,000 

beams  we  now  find  that  a 15"  I beam  of  50  pounds  per  linear  foot 
has  a moment  of  resistance  of  70.6,  and  is  therefore  strong 
enough. 

The  specified  beams,  weighing  80  pound  per  foot,  consequently 
have  an  unnecessary  amount  of  iron  in  them,  and  in  the  total 
length  of  the  I beams  or  1 30  feet,  3900  pounds  could  have  been 
saved.  Assuming  the  price  per  pound  of  6"  beams,  punched 
and  framed,  including  the  erection,  to  be  3^  cents,  and  in  the 
case  of  the  heavy  beams  4 cents,  the  cost  of  the  unnecessary 
material  is  1449X3^  + 3900X4=8210.34.  Therefore,  as  far 
as  the  safety  of  the  structure  is  concerned,  the  kinds  of  material 
are  well  selected,  but  the  cost  of  unnecessary  material  seems  to  be 
extremely  large,  being  over  20  per  cent,  of  the  contract  price. 

In  a structure  of  a greater  magnitude  this  amount  would  not 
be  noticed,  but  in  this  case  more  care  should  have  been  taken  to 
render  this  improvement  as  economical  as  possible. 

L.  J.  H.  Grossart,  ’86. 


A GRAPHICAL  SOLUTION  OF  A VALVE  GEAR 
PROBLEM. 

The  following  data  are  given : 

1.  Lead  in  linear  measure. 

2.  Port-opening  plus  over-travel. 

3.  The  rate  of  expansion  i.  e.  position  of  crank  when  cut-off 
takes  place. 
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To  find: 

1.  Radius  of  the  eccentric. 

2.  Outside  lap. 


and  B^  draw  parallels  to  GoG  and  EoG  respectively  intersecting  at 
P.  Join  PC  and  PP^  and  prolong  the  lines.  PP^  will  bisect  angle 
D^PB..=P'  G^P^E^  and  is  a geometrical  locus  of  the  centre  of  the 
diagram.  This  centre  is  equally  distant  from  C and  PD^.  To 
find  this  point  let  fall  from  any  point  0^  in  PP^  a perpendicular 
upon  D^P.  With  D'-O'-  as  a radius  and  0^  as  a centre  de- 
scribe an  arc  intersecting  PC  in  Zb  Join  D'^C^.  From  C 

draw  a parallel  to  C^  intersecting  PD^  in  D.  At  D erect  a per- 
pendicular upon  D^P  intersecting  PO  in  O.  From  similar  triangles 
it  is  easy  to  prove  that  DO—OC.  OB  parallel  to  O^B^  is  equal  to 
DO  according  to  construction.  DO—OC=OB=  the  required 
radius  GO=OE—t\\e.  required  outside  lap.* 

F.  A.  Weihe,  ’90. 


* An  analytical  solution  of  this  problem  is  given  on  page  38  of  “ Zeimer’s  Treatise  on  Valve  Gear,” 
translated  by  Prof.  J.  F.  Klein. 


BIDONE’S  EXPERIMENTS  ON  BACKWATER,  OR 

REMOU 


INTRODUCTION. 

[The  following  is  a translation,  slightly  condensed,  of  experi- 
ments on  the  remoti,  by  George  Bidone,  who  first  made  precise 
observ'ations  upon  this  phenomenon.  They  were  made  in  Sep- 
tember and  October,  i8i8,  at  the  Hydraulic  Laboratory  of  the 
Universite  Royale,  and  were  published  in  1819  in  the  proceedings 
of  the  Royal  Society  af  Turin.  The  original  measurements  were 
taken  in  Paris  picds,  pouces  and  lignes,  which  have  been  reduced 
to  English  measures  by  the  writer.  The  old  French,  or  Paris, 
pied  was  equivalent  to  12.789  English  inches.*  A police  was  one- 
twelfth  of  a pied.  A ligne  was  one-twelfth  of  a pouce;2,  point,  one- 
twelfth  of  a ligne. 

In  the  following  pages,  the  writer  has  translated  “ I'origcne  du 
remou  ” by  the  single  word  jump.  This  word  seems  to  be  appro- 
priate, as  at  that  point,  in  Bidone’s  Experiments,  the  surface  of 
the  water  was  very  suddenly  elevated  as  by  a veritable  jump.] 

The  most  simple  case,  which  can  be  proposed  for  the  forma- 
tion of  a 7'emou,  is  that  in  which  a canal  of  uniform  section  is 
obstructed  from  one  side  to  the  other  by  a dam  at  right  angles 
to  the  current,  placed  on  the  bottom,  and  built  to  a height  less 
than  that  of  the  sides  of  the  canal,  so  that  all  the  water  can  pass 
over  the  dam  without  escaping  at  any  point.  Such  a barrier 
causes  a backing  of  the  water  up  stream,  and  forces  it  to  rise  until 
the  volume  passing  over  the  dam  is  equal  to  the  discharge  of  the 
canal,  which  is  supposed  to  be  constant.  Arriving  at  this  height, 
the  current  once  more  reduced  to  a permanent  state,  confirms  to 
the  new  condition  of  its  bed.  In  this  .state,  the  backing  of  the 
water  extends  a certain  distance  above  the  dam,  and  every  sec- 
tion of  the  stream  taken  in  this  distance  has  a greater  depth  than 
before  the  dam  was  established.  This  distance  counted  from  the 
dam  is  called  the  extent  of  the  remou.  In  order  to  leave  no 
doubt  as  to  the  accuracy  of  the  results  obtained,  straight  rec- 
tangular channels  were  used,  and  the  slope  of  the  bottom  and  the 
velocity  of  the  water  were  so  great  as  to  cause  all  the  circum- 
stances of  the  phenomena  to  be  distinctly  marked. 


See  Johnson's  Encyclopedia. 
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It  was  noticed  that,  ist,  the  extent  of  the  reniou  was  always 
less  than  the  distance  to  the  point  where  the  horizontal  drawn 
through  the  highest  point  of  the  remoii,  intersects  the  natural 
surface  of  the  stream,  and  2nd,  the  surface  of  the  water  through- 
out the  entire  extent  of  the  rcmou  was  always  conv'ex.  This  con- 
vexity, being  very  slight  in  the  middle,  increased  rapidly  near 
the  ends  where  it  became  quite  marked.  These  results,  which 
were  constantly  obtained  in  all  the  experiments,  were  exactly 
opposite  from  what  had  heretofore  been  imagined  by  other 
authors.  It  must  also  be  stated  that  the  conditions  were  such 
that  the  water  could  make  no  deposits  in  the  bed  of  the  canal. 


MANNER  OF  CONDUCTING  THE  EXPERIMENTS. 

(1)  The  first  operation  was  to  introduce  and  maintain  in  the 
canal  a known  quantity  of  water,  and  to  give  it  time  to  take  a 
well  established  and  permenent  flow.  This  done,  measurements 
were  made  above  the  spot  where  the  dam  was  to  be  placed,  of  the 
depth  of  the  water  in  different  sections  more  or  less  distant  from 
this  point.  The  depth  in  each  section  was  taken  at  three  places, 
near  each  side  and  in  the  middle  of  the  canal.  The  mean  of 
these  three  measurements  was  recorded  as  the  depth  of  the 
section,  in  the  table  of  experiments.  In  these  and  other  ana- 
logous measurements,  fractions  of  a ligne  were  always  taken  into 
account. 

(2)  Next  the  dam  was  put  in  position.  It  was  fitted  into  grooves 
formed  in  the  bottom  and  sides  of  the  canal,  and  was  placed  per- 
fectly vertical,  and  perpendicular  to  the  sides.  The  edges  of  the 
dam  were  coated  with  a cement,  which  prevented  any  leaking  of 
the  water  through  the  grooves,  and  so  the  entire  discharge  of  the 
canal  was  forced  to  pass  over  the  top  of  the  dam.  Each  dam 
was  made  of  a single  piece  of  strong  wood,  well  planed,  and 
about  one  inch  in  thickness.  The  dam  being  thus  firmly  fixed, 
its  height  above  the  bottom  was  measured  in  three  places,  at  each 
side  and  at  the  middle,  and  the  mean  taken  and  recorded  as  the 
height  of  the  dam. 

(3)  After  the  current  had  once  more  settled  into  a state  of  per- 
manency, relative  to  the  new  condition  of  its  bed,  the  depth  of  the 
water  was  measured  a short  distance  above  the  dam.  Then  the 
distance  from  the  dam  to  the  jump,  the  place  where  the  surface 
of  the  water  rises  very  abruptly,  was  determined.  This  jump  was 
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very  distinctly  marked,  and  the  plan  and  elevation  of  it  is  shown 
in  the  accompanying  figure. 


Elevation,. 


Fig.  I. 

The  distances  recorded  in  the  tables  refer  to  the  extent  of  the 
remou  near  both  sides  of  the  canal  and  also  in  the  middle  of  the 
stream.  Finally  the  depth  of  the  water  in  a section  a little  above 
the  jump  was  measured  in  order  to  see  whether  the  depth  of  this 
section  was  affected  by  the  remou.  The  results  of  these  meas- 
urements will  be  found  noted  in  the  remarks. 

(4)  After  having  finished  the  above  lOperation,  the  dam  was 
removed  and  replaced  by  a higher  one,  still  preserving  in  the 
canal  the  same  volume  of  water.  Then  all  the  preceding  opera- 
tions were  gone  through  with,  for  this  new  dam,  and  this  new 
state  of  the  water.  The  height  of  the  dams  was  thus  increased 
from  one  e.xperiment  to  another.  In  all  cases  the  height  of  each 
dam  above  the  bottom  of  the  canal  was  such  that  the  fall  of  the 
water  over  the  crest  was  perfectly  free,  that  is  to  say,  the  depth 
of  the  water  below  the  dam  was  never  as  great  as  the  height  of 
the  dam. 

(5)  After  having  observed  the  remou  produced  by  dams  of 
successively  greater  heights,  the  discharge  of  the  canal  remain- 
ing constant,  the  volume  was  changed,  and  a new  set  of  experi- 
ments was  commenced  in  the  same  canal,  by  using  successively 
the  same  dams,  and  performing  on  each  of  them  the  same  opera- 
tions previously  described.  Finally  a similar  set  of  e.xperiments 
was  made  in  another  canal  of  a different  slope  from  that  of  the 
first. 

(6)  These  canals  were  originally  constructed  with  uniform 
slopes.  But  repairs  which  were  afterwards  made  had  altered  the 
original  tnclinations.  This  alteration  was  hardly  appreciable,  and 
for  any  other  purpose  might  be  neglected,  and  the  mean  slope 
taken,  which  differed  veiy  little  from  the  primitive  ; but  for  ex- 
periments on  the  remou,  it  was  believed  best  to  take  the  actual 
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profile  of  the  bottom  of  each  of  the  canals,  and  to  note  the  differ- 
ent inclinations  at  points  near  enough  to  each  other,  so  that  the 
slope  from  any  point  to  the  one  following  might  be  regarded  as 
uniform.  These  profiles  were  taken  with  the  water  at  rest.  The 
uniform  wddth  of  the  canals  was  tw'elve  pouces  (1.066  feet.) 

The  bottom  and  sides  of  the  canals  w^ere  built  of  masonry  and  the 
sides  were  exactly  vertical  and  perpendicular  to  the  bottom. 

(7)  These  canals  are  designated  as  No.  i and  No.  2.  The  pro- 
files of  their  beds  are  referred  to  the  horizontal  passing  through 
the  point  in  the  bed  w'here  the  dam  was  established.  The  ab- 
scissas are  positive  up  stream  and  negative  down  stream  from  the 
dam.  The  ordinates  are  positive  above  and  negative  below  the 
axis  of  abscissas. 


TABLE  OF  PROFILES. 


PROFILE  OF  BOTTOM  OF  CANAL  NO.  I. 

PROFILE  OF  BED 

OF  CANAL  NO.  2. 

Abscissas  Fett. 

Ordinates  Feet. 

Abscissas  Feet. 

Ordinates  Feet. 

36.616 

1.221 

+16.608 

+ 1.025 

+31.980 

+ 

.984 

+ 0.888 

+ .052 

^25.584 

-r 

.744 

0.000  . 

.000 

+19.188 

+ 

.533 

- 6.394 

- .403 

X 12.789 

+ 

.302 

+ 6.394 

-H 

.138 

+ 3.197 

+ 

.062 

0.000 

.000 

-19.188 

— 

.373 

It  w'ill  be  seen  by  these  profiles  that  the  beds  of  the  canals  are 
composed  of  a succession  of  planes  differently  inclined  to  the 
horizon.  These  profiles  were  taken  only  over  a distance  suffici- 
ent to  measure  the  extent  of  the  remou,  and  to  observe  its  influ- 
ence on  the  course  of  the  water.  In  all  the  experiments  the 
greatest  distance  to  which  the  remou  extended  above  the  dam  was 
less  than  21  pieds  (22.3  feet)  in  canal  No.  i,  and  less  than  13 
pieds  (13.9  feet)  in  canal  No.  2. 

[The  two  following  tables  contain  the  results  of  the  experi- 
ments. Bidone  gives  them  in  four  sets  of  two  tables  each,  but 
the  translator  has  compiled  them,  together  with  all  accompany- 
ing remarks,  into  two.  Table  II  represents  the  condition  of 
things  for  the  different  sets  of  experiments,  before  the  dams  w'ere 
put  in  position.  Table  III  contains  the  results  which  w'ere  ob- 
tained after  the  dams  were  put  in  place.] 
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Table  II. 


Distance 

Mean  Velo- 

from  Dam 

citv  in  each 

to  Point  up 

Depth 
of  Water 

Section,  cal- 

Constant 

Constant 

w 

Stream 

culated 

Discharge 

Width 

where 

in  each 

from  Dis- 

of 

of 

Depths 

Section. 

charge  ofCa- 

Canal. 

Canal. 

were 

nal  andArea 

measured. 

of  Section. 

Feet. 

Feet. 

Feet. 

Cu.ft.persec 

Feet. 

6.395 

.144 

4.7H00 

.7339 

1.066 

No. 

12.790 

.154 

4.4822 

1. 

19.185 

.156 

4.4114 

25.580 

.145 

4.7492 

6.395 

.206 

5.6716 

1.2416 

1.066 

No. 

12.790 

.209 

5.5713 

1. 

19.185 

.213 

5.4903 

02 

25.580 

.194 

5.9957 

No. 

6.395 

12.790 

.252 

.244 

6.1208 

6.3531 

1.6497 

1.066 

1. 

cz: 

25.580 

.237 

6.5522 

No. 

l-H 

6.395 

12.790 

.151 

.149 

4.5371 

4.5905 

.7273 

1.066 

2. 

0 

m 

19.185 

' .132 

5.1456 

In  the  3rd  experiment  of  Set  I.  the  depth  of  the  stream  at  21.3 
feet  above  the  dart)  was  measured,  both  while  the  remou  existed 
and  after  the  dam  had  been  removed,  and  was  found  to  be  the 
same  both  times,  viz.:  d = o.  156  feet. 

In  Experiment  5,  of  Set  II.,  the  same  operations  were  per- 
formed 22.3  feet  above  the  dam,  and  the  resulting  depth  each 
time  was  found  to  be  = o.  213  feet. 

In  Experiment  3,  of  Set  III.,  the  resulting  depth  both  times 
was  d = o.  245  feet  at  15.9  feet  above  the  dam. 

In  Experiment  i.  Set  IV.,  the  same  phenomenon  was  observed, 
the  constant  depth  being  d =0.  149  feet  at  9.6  feet  above  the 
dam. 

In  the  experiments  made  with  canal  No.  i,  the  highest  point 
of  the  remou  occurred  at  3.2  feet  up  stream  from  the  dam.  The 
surface  of  the  remou  on  both  sides  of  this  place  was  very  slightly 
convex  except  near  both  extremities,  one  at  the  dam  and  the  other 
at  the  jump,  where  the  convexity  increased  rapidly  and  became 
very  marked.  Fig.  i represents  the  profile  and  plan  of  the  canal 
and  of  the  current  for  the  first  experiment  of  Set  i. 
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Table  III. 


Length  of 

X 

F 

Horizontal 

-r 

B 

Extent  of  Remou, 

drawn 

0 

Height  of 

through 

1 

.s 

X 

D 

Surface  of 
Remou  com 

Highest 
Point  of 

Height  of 

pared  with 

Remou 

V- 

a 

Dam  above 

Top  of  Dam 

at  theRight 

at  the  Left 

counted 

6 

bottom. 

taken  at 

Side  of 

in  the 

Side  of 

from  Dam 

z 

A 

Highest 

Canal. 

Middle. 

Canal. 

to  where  it 

X 

0 

Point  of 

meets  the 

0 

Remou. 

Natural 

c 

Surface  of 

z 

the  Stream. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

1 

.440 

.335 

14.714 

14.178 

14.899 

21.937 

•2 

.524 

.330 

16.786 

15.987 

16.831 

24.424 

'S 

3 

.617 

.335 

19.163 

18.711 

19.361 

27.178 

4 

.710 

.333 

22.168 

21.435 

22.093 

29.665 

1 

.446 

.450 

12.523 

12.078 

12.657 

24.157 

1 

2 

.527 

.459 

14.731 

14.564 

14.988 

26.822 

d 

3 

.620 

.469 

17.430 

17.141 

17.586 

29.576 

0) 

<S1 

4 

.704 

.471 

19.717 

19.272 

19.849 

31.884 

5 

.794 

.468 

21.937 

21.670 

21.937 

33.749 

1 

.441 

.553 

11.153 

11.012 

11.301 

25.933 

d 

)— 1 

2 

.527 

.550 

13.463 

13.419 

13.618 

28.244 

0 

C/2 

3 

.615 

.548 

15.660 

15.424 

15.913 

30.551 

_ • 

1 

.636 

.282 

• 9.147 

8.460 

8.984 

11.80 

c<i 

H- ( 

2 

.716 

.284 

9.910 

9.637 

10.414 

13.86  • 

0 

0 

3 

.796 

.308 

11.716 

10.969 

11.554 

15.54 

m 

4 

.886 

.316 

13.411 

12.592 

13.021 

17.23 

For  the  experiments  made  in  canal  No.  2,  the  highest  point  of 


the  remote  was  about  10.5  inches  up  stream  from  the  dam,  and 
the  surface  of  the  remoii  had  the  same  form  as  described  above. 
These  operations  were  gone  through  with  for  the  other  sets  of 
experiments. 

From  an  inspection  of  these  tables,  and  of  the  profiles  of  the 
canals  in  which  the  experiments  were  made,  we  see : 

1st.  That  the  extent  of  the  remou  is  always  less  than  the  dis- 
tance to  the  point  where  the  horizontal  drawn  through  the  highest 
point  of  the  remoti  meets  the  natural  surface  of  the  stream. 

2nd.  From  the  first  three  sets  relative  to  Canal  No.  i,  we  see 
that  in  proportion  as  the  depth  of  the  section  and  mean  velocity 
of  the  current  is  increased,  the  extent  of  the  remou  for  the  same 
dam  diminishes.  This  can  be  easily  seen  from  the  following 
table,  which  contains  the  first  three  experiments  of  each  of  the 
first  three  sets,  with  the  corresponding  discharge  of  the  canal. 
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the  mean  velocity  of  the  current,  the  height  of  the  dams,  and  the 
extent  of  the  reinou  in  the  middle  of  the  stream. 


Sets. 

QC 

G 

g 

0 

Height  of 
Dams 
above  the 
Bottom. 

Constant 

Discharge 

of 

Canal. 

Depth  of  Mean 

the  Section  Velocity  of 
at  the  Current  in 
Jump  in  the  the  Section 
Middle  of  at 

Stream.  the  Jump. 

Extent  of 
the 

Remou  in 
the  Middle 
of  the 
Stream. 

Feet. 

Cu.  ft.  per  sec. 

Feet.  Feet  per  sec. 

Feet. 

I 

1st 

.440 

.7337 

.155  4.4643 

14.178 

II 

1st 

.445 

1.2416 

.209  5.5878 

12.078 

III 

1st 

.442 

1.6497 

.246  6.2895 

11.012 

I 

2nd 

.524 

.7337 

.150  4.4465 

15.987 

II 

2nd 

.527 

1.2416 

.210  5.55-50 

14.564 

III 

2nd 

.528 

1.6497 

.243  6.3531 

13.419 

I 

3rd 

.615 

.7337 

.158  4.4114 

18.711 

II 

3rd 

.620 

1.2416 

.211  5.5225 

17.141 

III 

3rd 

.614 

1.6479 

.241  6.3855 

15.424 

The  dams  shown  in  this  table  have,  three  and  three,  the  same 
height,  and  we  can  see  that  the  extent  of  the  7'eniou  for  the  same 
dam  is  less  as  the  depth  of  the  section  and  mean  velocity  of  the 
current  are  greater. 

3rd.  The  extent  of  the  rcnioji  is  less  in  the  middle  of  the  stream 
than  at  the  sides  of  the  canal. 

4th.  We  see  from  the  experiment  notes  in  the  column  of  re- 
marks that  the  sections  of  the  current  taken  a little  above  the 
jump  suffer  no  sensible  alteration,  and  preserv^cs  the  same  depths 
which  they  had  before  the  dam  existed,  and  the  flow  of  the  water 
in  the  canal  was  unobstructed. 

5th.  Finally  the  surface  of  the  water  throughout  the  entire  ex- 
tent of  the  rc7noii  was  always  convex  ; this  convexity,  very  slight 
in  the  middle,  increased  rapidly  near  both  ends,  where  it  became 
considerable.  The  junction  of  the  natural  surface  of  the  stream 
with  the  convex  surface  of  the  reniou  took  place  over  such  a very 
short  distance  that  the  origin  of  the  rcinou  was  vety  distinctly 
marked,  the  convex  surface  being  suddenly  elevated,  as  by  a 
jump,  above  the  natural  surface  of  the  stream. 

Sam.  W.  Frescoln,  C.  E.,  ’88. 
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ABSTRACT  OF  PROCEEDINGS. 

Feb.  26,  1889. — The  President  in  the  chair  at  16:15  o’clock, 
with  thirty  members  present.  Mr.  J.  S.  Riegel,  ’go,  was  elected 
to  membership.  An  amendment  to  the  constitution  was  pro- 
posed, providing  for  the  election  of  an  Assistant  Business  Manager. 
Mr.  J.  F.  Merkle,  ’84,  read  a paper  on  “ The  Impracticability  of 
using  Coal  Gas  as  a Fuel,”  for  which  he  received  a vote  of  thanks 
from  the  Society. 

April  2. — The  Secretary  in  the  chair  at  16:20  o’clock,  and 
twelve  members  present.  On  motion  it  was  decided  to  meet  at 
19  o’clock  Mondays,  until  otherwise  ordered. 

April  15. — The  Secretary  in  the  chair  at  19:20  o’clock,  with 
fifteen  members  present.  Mr.  Throop,  ’89,  resigned  as  editor  of 
the  Journal,  and  Mr.  Diebitsch,  ’89,  was  elected  in  his  place. 
Mr.  Merkle  delivered  a very  interesting  talk  on  “ The  Manufac- 
ture of  Fuel  Gas,”  for  which  he  was  tendered  the  thanks  of  the 
Society. 

A.  W.  Stockett,  Sec’y. 


EDITORIALS, 


It  is  with  great  regret  that  we  announce  the  resignation  of  Mr.  A.  T. 
Throop,  ’89,  as  editor  of  the  Journal,  with  which  he  has  been  associated 
for  the  past  two  years.  The  increase  in  size  and  circulation  of  the  Journal 
is  largely  due  to  his  untiring  energy  and  zeal.  Mr.  Throop,  having  nearly 
completed  his  work  at  the  University,  has  accepted  a position  as  Assistant 
Superintendent  of  the  construction  of  water  works  at  Clyde,  New  York,  His 
address,  at  present,  is.  Care  of  Water  Works  Co.,  Bath,  N,  Y. 

C.  W.  Hudson,  ’89,  has  completed  his  work  at  the  University,  and  has 
accepted  a position  with  Mr.  F.  P.  Spalding,  C.  E.,  ’80,  who  is  in  charge  of 
the  surveys  of  the  third  district  of  the  Mississippi  River  Improvement.  Mr. 
Hudson  was  one  of  the  most  active  members  of  the  Engineering  Society, 
and  took  great  interest  in  its  proceedings.  His  address  is  Wilson’s  Point,  La. 


ALUMINI  NOTES. 


1876. 

— Walter  P.  Rice,  C.E.,  the  City  Engineer  of  Cleveland,  O.,  was  declared 
elected  a member  of  the  American  Society  of  Civil  Engineers  at  the  meeting 
on  March  6. 

1877. 

— Charles  R.  Rauch,  A.C.,  of  Baltimore,  Md.,  was  married  on  February  5. 
to  Miss  Georgia  Emmart  of  the  same  city. 
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1880. 

— John  T.  Jeter,  E.M.,  has  resigned  his  position  with  the  Lehigh  Valley 
Coal  Co.,  and  has  been  appointed  Engineer  of  the  Rock  Hill  Granite  Co.,  with 
headquarters  at  Bethlehem,  Pa. 

1885. 

— Theodore  W.  Birney,  C.E.,  has  located  at  Atlanta,  Ga.,  as  an  Attorney 
at  Law. 

1886. 

— Augustus  S.  Ross,  M.E.,  is  with  the  Cycle  and  Pulverizer  Co.,  New  York 
City. 

— John  H.  Spengler,  C.E.,  is  connected  with  the  Engineering  Department 
of  the  Artesian  Water  Company  of  Memphis,  Tenn. 

— Simeon  C.  Hayzleton,  E.M.,  resigned  his  position  as  Instructor  in  Mining 
at  the  University  in  February,  and  went  to  Sandy,  Utah,  where  he  accepted 
a position  with  the  Mingo  Furnace  Company. 

— Theodore  Stevens,  E.M.,  has  resigned  his  position  as  Chemist  to  the 
Cowles  Electric  Smelting  and  Aluminum  Company  of  Lockport,  N.Y.,  and 
has  gone  to  the  Exposition  at  Paris  in  the  interest  of  a number  of  exhibitors. 
His  address  is  Lock  Box  22,  U.  S.  Section,  Universal  Exposition,  Paris,  France. 

1887. 

— W.  Hampton  Woods,  B.S.,  is  with  the  Thomas  Iron  Company  at  Hogen- 
dauqua.  Pa. 

— Mason  D.  Pratt,  C.E.,  of  Johnstown,  Pa.,  was  on  March  14,  married  to 
Miss  Mabel  Crane,  at  Jamestown,  N.  Y. 

— Milton  H.  Fehnel,  B.S..  has  completed  his  course  of  post-graduate 
studies  leading  to  the  degree  of  A.C.,  and  has  accepted  a position  with  E.  C. 
Knight  & Co.,  Sugar  Refiners,  Philadelphia,  Pa. 

1888. 

— Wilner  M.  Webb,  M.E„  is  employed  by  the  Hoopes  Bro.  & Darlington 
Company  of  West  Chester,  Pa. 

— Winter  L.  Wilson,  C.E.,  is  on  the  Engineer  Corps  of  the  Pennsylvania 
Railroad,  and  is  stationed  at  Wilmington,  Del. 

— Howard  H.  McClintic,  C.E.,  is  with  Wilkins  & Powell,  Engineers  and 
Architects,  Rooms  20  & 21,  McCane  Block,  Pittsburgh,  Pa. 

— George  A.  Hart,  M.E.,  declined  the  offer  as  draughtsman  in  the  office 
of  the  Chief  Engineer  of  the  Georgia,  Florida  & Western  R.  R.,  and  accepted 
a position  in  the  Ordinance  Department  of  the  Bethlehem  Iron  Company. 

— Shuntaro  Yamaguchi,  C.E.,  who  has  been  studying  the  construction  and 
management  of  railroads  with  the  Pennsylvania  Railroad  Company  at  Pitts- 
burgh, returned  to  the  University  a few  days  ago,  and  passed  the  post-gradu- 
ate examinations  leading  to  the  degree  of  M.S.  Mr.  Yamaguchi  will  sail 
for  Europe  in  a few  days,  and  after  a brief  sojourn  on  the  Continent,  will 
return,  by  way  of  the  United  States,  to  Japan,  where  he  intends  to  devote 
himself  to  the  management  of  railroads. 


AD  VER  TISEMENTS. 


H.  Stanley  Goodwin  Walter  G.  Berg, 

President.  Superintendent. 

THE  LEHIGH  VALLEY  CiOSOTING  WOES, 

OPERATED  BY 

Ttii  Leii  faiieg  Gnllng  Co., 

PERTH  AMBOY,  N.  J. 


Lumber,  Piling  and  Ties  creosoted  with  Dead  Oil  of 

Coal  Tar. 

CREOSOTED  LUMBER,  PILING  and  TIES  Furnished. 
CYLINDERS  80  Ft.  LONG.  CAPACITY  400,000  Ft.  B.  M.  per  month. 


The  report  of  the  “Committee  on  the  Preservation  of  Timber"  of  the  American  Society  of  Civil  Engi- 
neers, says:  “If  the  timber  is  to  be  exposed  in  sea  water  to  the  attacks  of  the  teredo-navalis  zx\6. 
limnoria  terebrans,  there  is  but  one  antiseptic  which  can  be  used  with  our  present  knowledge  ; this  is 
Creosote  or  Dead  Oil.  If  the  timber  is  to  be,  exposed  in  a very  wet  situation,  creosoting  is  also  the  best 
process  to  use.  If  the  exposure  is  to  be  that  of  a railroad  tie,  creosoting  is  doubtless  the  most  perfect 
process  to  use." 


THE  BETHLEHEM  IRON  CO., 

BETHLEHEM,  PA.,  U.  S.  A„ 

MANUFACTURERS  OF 

Bessemer  Steel  Rails, 

PIG  IRON,  STEEL  BILLETS,  SLABS,  BLOOMS. 
HEAVY  STEEL  SHAFTING 

AND 

FORCINGS. 


WM.  W.  THURSTON,  President. 

ROBT.  P.  LINDERMAN,  Vice-President. 
C.  O.  BRUNNER,  Treasurer. 


ROBT.  H,  SAYRE,  Gen'l  Manager. 
JOHN  FRITZ,  Chief  Eng’r  & Gen’l  SuPT. 
ABRAHAM  S.  SCHROPP,  Secretary. 


AD  VER  T/SEMENTS. 


PREPflRSTORY  SCHOOl 


-FOR- 


-CEHIGH  UNIYERSITY.p^- 


Wm.  Ulrich,  Principal, 


T/ie  School  is  recommended  by  R.  A.  Lamberton,  LL.D., 
President  of  Lehigh  University, 

and  any  of  the  Professors  belonging  to  the  Faculty  of  Lehigh  University 


A TTENTION  is  given  exclusively  to  the  requirements  for  admission  to  the  Lehigh 
University.  None  but  preparatory  students  are  admitted. 

Since  1880,  two  hundred  and  seventy-four  of  our  scholars  have  entered  the 
University. 

For  circulars  and  other  information  apply  to 

WJd,  PpiNCiP^ii, 

No.  26  S.  New  Street, 

BETHLEHEM.  PA. 


AD  VER  TISEMENTS. 


THE  EEHISH  UNIYEI^^ITY, 


SOUTH  BETHLEHEM,  PA. 


FOUNDED  BY  ASA  PACKER. 


'T'HE  object  of  this  Institution  is  to  give  a thorough  education  in  Civil,  Mechanical 
-*■  Mining  and  Electrical  Engineering,  in  Chemistry,  Metallurgy,  the  Classics,  and 
in  General  Literature. 

Through  the  liberality  of  its  Founder,  the  TUITION  in  all  branches  is  FREE. 


F(E^ai^EMENT3  E©]^ 


Applicants  for  admission  must  be  at  least  sixteen  years  of  age,  must  present  testi- 
monials of  good  moral  character,  and  must  satisfactorily  pass  in  the  following  sub- 
jects : 

MATHEMATICS. 

Arithmetic,  complete,  including  the  Metric  system;  Algebra,  through  equations  of 
the  second  degree ; Chauvenet’s  Geometry,  six  books. 

ENGLISH. 

Grammar ; Geography ; United  States  History,  including  the  Constitution. 

For  admission  to  the  various  courses,  in  addition  to  the  requirements  above  given, 
the  examinations  are  as  follows  : 

For  the  Courses  in  Science  and  Letters,  Civil,  Mechanical,  Electrical  and  Mining 
Engineering,  and  Analytical  Chemistry  : 

ELEMENTARY  PHYSICS. 

For  the  Latin  Scientific  and  Classical  Courses : 

PHYSICAL  GEOGRAPHY. 

LATIN. 

Latin  Grammar;  Caesar’s  Commentaries,  four  books;  Virgil:  yEneid,  six  books, 
and  the  Bucolics ; Cicero,  six  Orations,  including  the  four  against  Cataline ; Latin 
Composition ; Roman  History. 

And  for  the  Classical  Course  only,  in 

GREEK. 

Greek  Grammar ; Xenophon’s  Anabasis,  four  books ; Homer’s  Iliad,  three  books ; 
Writing  Greek  with  Accents ; Greek  History. 

The  examinations  will  be  rigorous,  and  no  student  deficient  in  any  branch  will  be 
permitted  to  enter  in  full  standing. 

For  further  information  apply  to  the  President, 

Robert  A.  Lamberton,  LL.  D., 

SOUTH  BETHLEHEM,  PA. 


AD  VER  TISEMENTS. 


ENKINEERINK  NEWS  AND  AiERKAN  60NTRA8T  JOURNAL 

Is  a weekly  record  of  all  important  engineering  works  projected  or  in  progress  as:  Railroads,  their  in- 
corporation, survey  and  construction;  Municipal  Engineering,  Surface,  Cable  and  Elevated  Railroads, 
Canals,  Bridges,  Tunnels,  Harbors,  Docks.  Road  Making  and  Repairs;  Streets,  Street  Paving  and 
Lighting;  Sewers,  Drainage,  Ditching,  Water  Works,  Gas  Works,  River  Improvements,  Submarine 
Work.  Dredging,  Pile  Driving,  Oil  and  Artesian  Wells,  Roofs,  State,  City  and  Town  Corporation  and 
Railroad  Buildings  ; Chimneys, Ventilation,  Masonry',  Dams,  Electric  Lighting,  Steam  Heating, Iron  and 
Coal  Mining  and  Shipbuilding.  It  also  gives  the  latest  market  quotations  of  Iron,  Metals,  Rails,  Lum- 
ber, Cement,  Railroad  Equipments,  Contractors’  Supplies,  of  Prices  of  Labor.  Bids  and  Proposals 
for  all  kinds  of  Engineering  and  Contracting  Works,  including  those  under  the  supervision  of  the  U.  S. 
Engineer  Corps  and  the  Light  House  Board  are  advertised  in  its  columns.  The  largest  circulation  of 
any  similar  class  paper  published  in  the  United  States. 

PRICE,  $5.00  PER  ANNUM. 

Engineering  News  reaches  more  Engineers,  Contractors  and  Superintendents  of  Railroads  and 
Public  \y orks  than  all  similar  class  papers  combined.  It  circulates  in  every  State  of  the  Union,  Canada 
and  foreign  countries.  Advertisers  should  bear  these  facts  in  mind. 

Address, 

Engineering  News  Publishing  Co.« 

13  Tribune  Building,  New  York  City* 

THE  ENGINEERING  AND  MINING  JOURNAL 

OK  NEW  YORK. 


Weekly:  Subscription  Price,  $4  a Year;  $2.25  for  Six  Months. 

27  Park  Place. — P.  O.  Box  1833,  New  York. 


“ * * * After  constantly  reading  the  En^neering  and  Mining  Journal  for  the  last  fitteen 

years  I have  no  hesitation  in  saying  that  I consider  it  not  only  incomparably  better  than  any  other 
Americanjoumal  devoted  to  the  topics  which  it  treats,  but  quite  indispensable  to  most  American  Mining 
Engineers  and  Metallurgists.  * * * " 

HENRY  M.  HOWE, 

Mining  Engineer  and  Metallurgist,  Boston,  Mass. 

* I find  more  useful  information  in  it  than  in  any  other  single  Technical  Journal  in  the 
World — and  we  take  them  nearly  all  at  our  Library  here.  I always  heartily  recommend  it  to  all  my 
students  as  the  best  means  of  keeping  up  with  the  progress  of  the  times.  * * * 

S.  B.  CHRISTY, 

Professor,  University  of  California,  Berkely,  Cal. 


THE  AMERICAN  ENGINEER, 

THE  REPRESENTATIVE  JOURNAL  OE  AMERICA. 

Each  number  replete  with  valuable  matter  and  illustrations  characteristic  ot  American  practice. 

No  Engineer,  Manufacturer  or  Mechanic  should  be  without  this  Journal. 

Issued  weekly.  Subscription  price,  $2.50  per  year,  post-paid.  Advertising  rates  given  on  application. 
Write  for  sample  copies.  Address, 

THE  AMERICAN  ENGINEER, 

Gaff  Builditig,  La  Salle  Street,  Chicago,  III.,  U.  S.  A. 


The  Journal  of  the  Association  of  Engineering  Societies 

Is  a monthly  magazine  made  up  of  the  most  valuable  papers  read  before  the  Boston  Society  ot  Civil 
Engineers,  the  Engineers’  Club  of  St.  Louis,  the  Western  Society  of  Eng^ineers,  the  Civil  Engineers' 
Club  of  Cleveland,  the  Engineers’  Club  of  Minnesota,  the  Civil  Engineers’  Sodet>^of  St.  Paul,  and  the 
Engineers’  Club  of  Kansas  City.  It  is  now  in  its  seventh  yearly  volume,  ^ack  numbers  are  for  sale 
at  subscription  rates. 

THE  EVT>EX. 

There  is  an  Index  Department  in  each  number,  wherein  the  current  engineering  literature  of  the 
month  is  indexed,  and  a brief  note  or  abstract  given  under  each  title,  that  the  reader  may  judge  whether 
or  not  it  is  worth  his  while  to  consult  the  paper  referred  to. 

$3.00  A YEAR;  30  CENTS  A COPY. 

With  reference  to  subscriptions  or  advertisements,  or  for  any  information  concerning  the  Association, 
address 

The  Journal  of  the  Association  of  Engineering  Societies, 

73  Broadway,  New  York  City. 
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LACK,-<^^ 

^FINE  TA1L0R1NGI> 


140  S.  Main  Street,  Bethlehem,  Pa. 


HEADQUARTERS  EOR 

BOOKS  AND  UNIVERSITY  SUPPLIES,’ 

^iheral  Terms  to  ^iudents  and  Graduates  of  the 
^ehi^h  Xdnioersity. 

•^SHTISFHCTION  GUHRHNTEED. 

EDWIN  G.  KLOSE,  Manager, 

T H E BOOKSTOH.es, 

144  and  146  South  Main  Street,  I ii  East  4th  Street, 

BETHLEHEM,  PA.  1 SOUTH  BETHLEHEM,  PA. 


E.  S H.  T.  ANTHONY  S CO., 

MANUFACTURERS  AND  IMPORTERS  OF 


APPARATUS  and  SUPPLIES, 

591  Broadway,  - New  York. 

Sole  proprietors  of  the  Patent  Satchel  Detective,  Schmid  Detective,  Fairy, 
Novel,  and  Bicycle  Cameras,  Anthony’s  Phantom  Camera,  Champion  Light 
Weight  of  the  World,  and  sole  agents  for  the  Celebrated  Dallmeyer  Lenses. 

AMATEUR  OUTFITS  in  great  variety  from  $9.00  upwards,  Send  for  Catalogue 
or  call  and  examine.  More  than  40  years  established  in  this  line  of  business. 

CCT*  Mention  this  Journal. 


AD  VER  TISEMENTS. 


BOOK  EXCHANGE. 

MISCELLANEOUS  AND  STANDARD  BOOKS. 

Scliool  aiT<i  College  Text-Boolss,  Ne'w  and.  Second  Hand. 

STATIONERY  AND  SCHOOL  SUPPLIES  A SPECIALTY. 

8^“Books,  Pamphlets  and  Magazines  Bought  in  any  quantity. 

H.  MITMAN, 

No.  34  Broad  Street,  - - Bethlehem,  Pa. 

RAILROAD  G-AZETTE, 

Published  Every  Friday. 

►rt-AN  ELABORATELY  ILLUSTRATED  SCIENTIEIC  NEWSPAPER, 

For  Eailroad  Men,  Civil  Engineers,  Mechanical  Engineers. 

SUBSCRIPTION,  $4.20  A YEAR. 

.Specimen  Copies  and  C^alogues  of  Railroad  and  Engineering  books  free  to  any 
address. 

THE  RAILROAD  GAZETTE, 

73  Broadway,  New  York  City. 


M.  N.  FORNEY, 

Editor. 


the  railroad  ^ 

EnGINEERInG™'<=k  HOBART 

JOURNAL. 


) 

Associate  Editor. 


All  Illiisti’ated  Mapziue  of  Eugiueeriug,  Ciyil,  Mecliauical  aiifl  Mariue. 

Subscription,  ^3  yearly;  Single  Copies  25  cents;  Specimen  Copies  on  application. 

14S  33n.OyVIDA7^^Y,  - 3Nr3Z:"^7V7"  YOrtKl. 


Published  by  the  Students  of  the  Lehigh  University  on  the  First  and  Fifteenth 
days  of  each  month  during  the  College  Year. 


IT  IS  DEVOTED  TO  THE  INTERESTS  OF  THE  UNIVERSITY  AND  OF  THE 
STUDENTS  AND  ALUMNI. 


Terms:  One  year,  $1.50  if  paid  before  February  i ; otherwise,  $2.00. 
Single  Copies,  12  cents. 


Ail  Alumni  and  friends  of  the  University  are  requested  to  subscribe  and 
to  contribute  any  matter  likely  to  be  of  interest  to  the  readers  of  The  Burr. 

W^VEKErt, 
Business  Manager. 


Box  6,  South  Bethlehem,  Pa. 
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A NEW  and  COMPLETE  CATALOCUE  of  TEXT  BOOKS  and  INDUSTRIAL 

WORKS 

For  Schools,  Colleges,  Polytechnic  Institutes,  Engineers,  Architects,  Etc. 

PUBLISHED  BY  US. 

— ARRANGED  UNDER  SUBJECTS  : — 

Agriculture,  Astronomy,  Engineering,  Manufacturers,  Ship  Building, 

Architecture,  Bridges,  Roofs,  Etc.,  Locomotives,  Mathematics,  Steam  Engines, 

Army  and  Navy,  Chemistry,  Magnetism,  Mechanics,  Tables  for 

Art,  Drawing,  Materials  of  Mineralogy,  Engineers, 

Assaying,  Electricity,  Engineering,  Mining,  Ventilation. 

Including  a Complete  List  of 

JOHN  RUSKIN'S  WORKS,  and  other  Miscellaneous  Publications.  An  8vo,  of  about  8o  pages. 
Neatly  printed  and  worthy  of  preservation.  Also  our  Circular  Catalogue  of  Practical  Works  on 
Civil,  Mechanical,  Mining,  and  Marine  Engineering,  containing  Full  Titles,  Descriptions,  and 
Press  Notices.  175  pages,  8vo,  neatly  bound  in  stiff  covers  for  preservation. 

JOHN  WILEY  & SONS.  New  York,  N.  Y. 

*#*The  above  will  be  mailed  and  prepaid  to  anyone  ordering  them. 


STANDARD  STEEL.  WORKS. 


^iTRAUTWINE’S  POCKET-BOOK.i^ 

“Without  doubt,  it  has  proved  itself  to  be  the  most  use- 
ful hand  book  in  the  language  for  the  Engineering 
profession.” — (Engineering  and  Mming  Jour7ial,  Aug. 

2gth,  i888i) 

E.  & F.  N.  Spon,  London. 

John  Wiley  & Sons,  New  York. 
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UNIVERSAL  DOUBLE  TUBE  INJECTOR. 

The  lost  Complete  auh  Eeliatte  Boiler  Feeher  Know u 

FOR  LOCOMOTIVES  AND  STATIONARY  ENGINES. 


The  Exhaust  Steam  Induction  Condenser 

FOK  ALL  KINDS  OF  STEAM  ENGINES,  STEAMBOATS,  PUMPS  AND  VACUUM  PANS. 

OPERATED  BY  EXHAUST  STEAM  ONLY 

PROVIDING  ITS  OWN  WATER  SUPPLY  UNDER  PRESSURE  OR  SUCTION. 


SEND  FOR  DESCRIPTIVE  CATALOGUE. 

¥ d¥^¥¥¥Tnr^¥^  iir  PATENTEES  AND  SOLE 

MU.  manufacturers 


Twelfth  and  Thompson  8ts.y  PH1LAD£1jPHIA,  PA* 
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